Aerobic reduction of 5-nitro-2-furaldehyde semicarbazone by rat liver xanthine dehydrogenase.
Previous work in several laboratories has shown that enzymatic reduction of nitroheterocyclic compounds to reactive but uncharacterized metabolites that damage DNA constitutes an important "activation" step in both bacteria and hypoxic mammalian cells. However, since the known mammalian enzymes having nitroreductase activity are reported to be strongly inhibited by molecular oxygen, the relation of reductive activation to the toxic and mutagenic effects of nitroheterocyclic compounds in intact animals or aerobic cultured cells is unclear. We report here that the process of net nitroreduction of 5-nitro-2-furaldehyde semicarbazone (nitrofurazone) by rat liver xanthine dehydrogenase was considerably less sensitive to inhibition by oxygen than was nitroreduction catalyzed by rat liver or milk xanthine oxidase. The dehydrogenase is the native form of xanthine oxidoreductase and is known to change to the oxidase form as liver extracts are aged or treated with various agents. Incubation at 65 degrees rapidly converted the dehydrogenase form to the oxidase form with concomitant loss of aerobic nitroreductase activity. Similarly, much of the aerobic nitroreductase activity was lost when the preparation was treated with p-hydroxymercuribenzoate but was regained upon subsequent treatment with dithiothreitol. Intermediates generated in the aerobic nitroreduction process bound tightly and probably covalently to protein. Thus, it is possible that aerobic reduction of nitrofurans and other nitroheterocyclic and nitroaromatic components by xanthine dehydrogenase may constitute a significant "activation" process which contributes to the toxic action of such agents.